Artemisia annua is the source of artemisinin, an antimalarial drug which is effective against multidrug-resistant strains of plasmodium, the malarial parasite. Malaria has serious effects on morbidity and mortality thus negatively impacting on agricultural production and food security. Although artemisinin has been found to be a useful medicine; its production is very low in comparison with what is actually needed to treat the worldwide threat of malaria. On the other hand, the lower content (0.01% -0.8%, dry weight) of artemisinin found in leaves and flowers of A. annua has seriously limited its commercialization. Currently there are only two varieties of A. annua present in Kenya; hence there is a need to increase its diversity. The objective of the current study was to determine the effect of mutation on agronomical traits and artemisinin production by parents and mutant (M2) A. annua plants in Kenya Agricultural and Livestock Research Organisation (KALRO) Njoro and the University of Eldoret (UoE). Seeds of two varieties of Artemesia annua varartemis and varanamed were sent to Vienna Austria for irradiation at the International Atomic Energy Agency (IAEA) at a dosage of 150 gray. The M1 seeds were multiplied at the University of Eldoret farm. The harvested seeds were planted in replicate at the University of Eldoret and Njoro (KALRO). The results showed that mutation had significant effect on agronomical traits (P-value < 0.001). Mutant varieties and lines showed wide variation in terms of agronomical traits (crown length, stem length, plant height and stem diameter) and yield of artemisinin. The following lines showed superiority in artemisinin production; Artemis line 1, 2 and 9 with an average mean of 58.843, 58.393 and 69.192 µg/l, respectively while Anamed line 2, 3, 5 and 8 with an average of 56.268, 51.704, 53.557 and 54.448 µg/l, respectively. The effect of mutation on both agronomical traits and production of the artemisinin content appeared to occur randomly and was also dependent on environmental factors in the different ecological zones. Higher means in agronomical traits was observed in UoE while production of artemisinin content was enhanced in Njoro. The artemisinin yield in A. annua crops was negatively correlated with leaf traits, shoot and stem characteristics. Leaf traits had positive correlations with shoot and stem characteristics. It is recommended that superior lines be advanced in generations for further stability and evaluation of its efficacy in treatment of malaria. * Corresponding author.
Introduction
Artemisia annua L. is also referred to as annual wormwood, sweet wormwood and sweet annie. It is a highly aromatic annual herb of Asiatic and eastern European origin. It is widely dispersed throughout the temperate region [1] . A. annua is the source of artemisinin, an antimalarial drug which is effective against multidrug resistant strains of plasmodium, the malarial parasite [2] [3] . Artemisinin and its derivatives have been found to be effective against all stages of resistant strains of Plasmodium falciparum [4] [5] . Although it has been found to be a useful medicine; its production is very low in comparison with what is actually needed to treat the worldwide threat of malaria. The World Health Organization (W.H.O) recommends Artemisinin based combination therapys (ACTs) in regions where multi drug resistance is prevalent [6] . In line with this, a large proportion of the government of Kenya's annual budget is allocated to the importation of ACTs. These costs could however be reduced by production of artemisinin from A. annua. A substantial increase in the content of artemisinin is required to make artemisinin available on a large scale. The lower content of artemisinin found in leaves and flowers of A. annua has seriously limited its commercialization [7] [8] . This presents a problem because of the very low production levels of artemisinin in the native plant. Mutational breeding has an important role for the improvement of yield and quality traits of the crops including medicinal plants [9] [10] . Mutation breeding is the genetic improvement of crop plants for various characters through the use of induced mutation. The main strategy in mutation based breeding is to upgrade the well adapted plant varieties by improving a few desirable major yield and quality traits [11] [12] . Besides the increased yield and enhanced quality of novel varieties included, several other traits such as breeding, improved harvest index from heterosis in hybrid cultivars, response to increased agronomic inputs and consumer preference are enhanced. Mutational breeding will result in increased artemisinin in A. annua which will give insight to possibly steer drug formulation for treatment and control of malaria and as well as have a positive economic impact to Kenya. The objective of the current study was to determine the effect of mutation on agronomical traits and Artemisinin production by parents and mutant (M 2 ) A. annua plants in Kenya Agricultural and Livestock Research Organisation (KALRO) Njoro and the University of Eldoret (UoE).
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Determination of LD50
Irradiated seeds were sown under controlled conditions. Germination rates of the seeds were determined from the 7 th day after sowing until the 14 th day. The seeds were exposed to irradiation of between 50 gy and 450 at intervals of 50. The effective dose was determined by measuring the dose that decreases germination rate down to 50% hence 150 gy.
Multiplication and Selection
The nurseries were prepared in the greenhouse and the seeds spread and left uncovered according to the world agroforestry Centre recommendations. The seeds germinated after 7 days although some could be seen germinating after 4 days. The seedlings were transplanted in poly-tubes (75 by 140 by 37 mm) after the appearance of four leaves. After 7 weeks the seedlings were hardened off through the exposure to full sunlight for a week before transplanting to the experimental field site. The field site was prepared in advanced. The seedlings were planted at spacing of 1 m by 1 m between and within row. The field were kept weed free until the Artemisia were fully established. At harvest the chimeric and deformed plants were not selected. The harvested seeds from each plant were put into individual envelope and labeled. One group was planted at the university of Eldoret experimental field while the corresponding groups were planted at Njoro. The seeds from each plant were designated as M 2 .
Experimental Procedure
The nurseries were prepared in the greenhouse and the seeds spread and left uncovered. The seeds germinated after 7 days. The seedlings were transplanted in poly-tubes (75 by 140 by 37 mm) after the appearance of four leaves. After 7 weeks the seedlings were hardened off through the exposure to full sunlight for a week before transplanting to the experimental field site. A field experiment was then established. The land was disc ploughed suitable for A. annua planting. The experiment was laid out in a randomized completely block design (RCBD) replicated three times. The spacing between and within plants was 1 m by 1 m. The experimental units were separated by 1.5 m by 1.5 m wide alleyways within and between blocks, respectively. The fields were kept weed free until the Artemisia were fully established.
Data Collection
The agronomic traits and artemisinin content for each of the M 2 plants in the different zones were measured 4 months after establishment. For artemisinin analysis the leaves found in the upper parts of the A. annua plant, were harvested just before full flowering.
Artemisinin Extraction and Sample Preparation
Leaves were obtained from the plant during the flowering stage and air dried at 27˚C. merceration was performed in Erlenmeyer with a magnetic stirrer speed of 700 rpm using ethanol as a solvent. This process was done many times until the methanol layer was colorless. The extract was then evaporated using a rotavapor vacuum at a temperature of 40˚C until the extract volume was 100 ml.
Spectrophotometric Quantification of Artemisinin
Spectrophotometric quantification was performed using slightly modified methods described by Sreeviydaand Narayana [14] .
Reagents
All solutions were prepared with double distilled water. Chemicals were of analytical grade. Hydrochloric acid (5M), Potassium iodide (2%), Sodium acetate (2 M) and 0.001% solution of Safranin were used.
Standard Artemisinin (ART) Solution
A 1000 µg·ml −1 standard drug solution was prepared by dissolving 0.1 g of ART in ethanol and diluting to the mark in 100 ml calibrated flask. to calibrated flasks by means of micro burette, then 1 ml each of 2% potassium iodide and 5 M HCL was then added followed by 2 ml of 2 M sodium acetate solution then the mixture was shaken for 5 mins. The contents were then diluted to the mark with distilled water and mixed well. The absorbance of each solution was then measured at 521 nm against the corresponding reagent blank. The reagent blank was prepared by replacing the analyte (ART) solution with distilled water. The absorbance of the corresponding to the bleached color, which in turn corresponds to the analyte (ART) concentration, was obtained by subtracting the absorbance of the blank solution by that of the test solution.
Method for Determination of ART

Data Analysis
The data was analyzed using Genstat 13 th edition and means separated using Tukeys Multiple Range Test where applicable. Correlation was done using Genstat Pearson correlation Coefficients.
Results
Effects of Mutation on Agronomical Traits at M2
There was significant difference in crown length, plant height, and stem diameter between parent and mutant plant sat P < 0.001 at UoE study site ( Table 1) . In UoE Artemis plants, there was significant difference in crown 
Comparison of Artemisinin Production by Parents and Mutant (M2) Plants
The results for means of comparison of artemisinin production between UoE and Njoro sites (P-value 0.001) are shown in Table 3 . There was significant difference in artemisinin production between the two sites in both mutant varieties (Artemis and Anamed). In Artemis, Njoro had the highest mean of 44.92 ± 2.39 while UoE had the lowest mean of 24.93 ± 2.39. In mutant Anamed, Njoro had the highest mean of 43.67 ± 3.31 while UOE had the lowest mean of 25.71 ± 3.31. There was no significant difference in artemisinin production by parents of the two varieties (Artemis and Anamed) between the two sites. There was significant difference in artemisinin production by Artemis and Anamed at Njoro at P < 0.001 ( The results for means of artemisinin production per plant line in UoE and Njoro sites (P < 0.001) are shown in Table 5 . There was significant difference in production of artemisinin by Artemis lines in Njoro only. Line 1 had the highest mean of 58.843 while Line 12 had the lowest mean of 25.949 for atemisinin production. In Anamed there was significant difference in production of artemisinin at both UoE and Njoro. At UoE, Line 2 had the highest mean of 39.200 while Line 5 had the lowest mean of 9.200; while at Njoro, Line 2 had the highest mean of 56.260 while Line 6 had the lowest mean of 20.190.
Correlation Analysis of Agronomical Traits and Artemisinin Production
The estimated correlation among agronomical traits in mutant Artemis is represented in Table 6 (a). There was a significant positive correlation between crown length, stem length and stem diameter; Stem length, plant height, number of branches and stem diameter; Leaf width and stem diameter; plant height, number of branches and stem diameter; and number of branches with stem diameter. Artemisinin production had a significant negative correlation with crown length, stem length, plant height and stem diameter. Means followed by the same letter in a column are not significantly different.
The estimated correlation among agronomical traits in mutant Anamed is represented in Table 6 (b). There was a significant positive correlation between crown length, stem length, leaf width, plant height, number of branches and stem diameter; stem length, leaf width, plant height, number of branches and stem diameter; plant height, number of branches and stem diameter; number of branches with stem diameter. Artemisinin production had a significant negative correlation with crown length, stem length, leaf length and plant height.
Discussion
Effects of Mutation on Agronomical Traits and Production of Artemisinin Content
In the present study mutant varieties and lines showed wide variation in terms of agronomical traits (crown Length, Stem length, Plant height and Stem diameter) and yield of artemisinin content. A total of 108 Artemis and 72 Anamed plants were planted at UoE and KALRO Njoro sites respectively. At UoE site, only 3 plants in each variety (Artemis and Anamed) had a production of more than 60 µg/ml Artemisin concentration while at Njoro, 46 Artemis and 19 Anamed plants had a production of more than 60 µg/l artemisin concentration. Parent Artemis had an average artemisinin production of 21.788 at UoE and 22.355 at Njoro while parent Anamed plants had an average artemisinin production of 22.665 at UoE and 22.805 at Njoro. Concentrations levels of Artemisinin that are above 60 µg/l, is the commercially viable level [15] [16] . In some cases for example, mutant plants indicated higher performance in terms of agronomical characteristics and/or artemisinin production, similarly some lines showed superiority over other mutant lines and control (parent plants) within and/or between the two agroeconomical zones where the study was undertaken. The following lines showed superiority in artemisinin production; Artemis line 1, 2 and 9 with an average mean of 58.843, 58.393 and 69.192 respectively while Anamed line 2, 3, 5 and 8 with an average of 56.268, 51.704, 53.557 and 54.448 respectively. Similar results have been observed by Mucci [17] in wheat. Mutational breeding has important role for improvement of yield and quality of crops including medicinal plants for example Koobkokkruad et al. [12] at the two study sites. At UoE, Line 2 had the highest mean of 39.2 while Line 5 had the lowest mean of 9.2; while at Njoro, Line 2 had the highest mean of 56.26 while Line 6 had the lowest mean of 20.19 ( Table 5 ). The changes that were seen could have been due to the effect of mutation and judging from the results, the mutation could be variety and environmentally dependent. Many authors also agree that observed characteristics are dependent on environmental factors [19] because the phenotype is the sum of factors genetic and environmental. This result is consistent with the findings of Cox [20] and Singh [21] who reported that artemisinin content is influenced by genetic factors and therefore re arrangement of the gene sequences induced by mutation resulted in increase in artemisinin content production in some cases and a total decrease in others. Such unpredictable results may be due to random mutations at different loci in the genome [22] . The physical mutagen gamma rays and its dose LD50 enhanced artemisinin content production from an average of 23.7 µg/l in original non irradiated seeds to 44.920 in irradiated seeds. Koobkokkruad et al. [13] also found out that the Physical mutagen gamma rays (LD 50) enhanced Artemisinin content from 0.03% to 0.70% (W/W). The pathway of artemisinin synthesis and the mechanism for its accumulation in leaves and inflorescences most probably determined the final artemisinin content in A. annua and the effect of other environmental factors such as nutrient availability might be incidental; a situation observed by Chalapathi et al. [23] [24] . In mutant Artemis plants, there was significant difference in crown length, plant height, and stem diameter while in mutant Anamed plants; there was significant difference in crown length, Stem length, plant height, and stem diameter. UoE showed higher means in all the parameters that were analyzed as compared to Njoro ( Table 1) . There was significant difference in artemisinin production between the two sites in both mutant varieties (Artemis and Anamed). In Artemis, Njoro (Table 3) . There was no significant difference in artemisinin production by parents of the two varieties (Artemis and Anamed) between the two sites. Mutation may have been responsible for the difference in the agronomical characteristics and artemisinin production that was observed between the two agro-ecological zones and thus this is a clear indication that the changes induced by mutation is dependent on environmental influence. This observation was reinforced by the fact that in all the cases parents of both the plant varieties (Artemis and Anamed) did not show any significant difference in the agronomical characteristics analyzed and artemisinin production. Research conducted by Liu et al., [25] and Duke and Paul, [26] has also shown temperature and longitude to have an important bearing on the productivity of artemisia by producing high biomass and artemisinin content. Similar findings have been reported from Vietnam, where the artemisinin content was high in the high-altitude north than in the low-altitude south [27] . Also there is evidence that mutagens (radiations) stimulate metabolic activity of plants such as respiration glycolysis and oxidative phosphorylation [28] [29] and cytochrome oxidase and catalase activity which may ultimately influence and enhance synthesis of plant products [30] [31]. The lines exhibiting a total increase in artemisinin content and agronomical characteristics are the most suitable for high yield selection. The study also reveals that the pattern of plant height, plant spread, number of branches per plant and dry leaf yield largely correspond to that of artemisinin yield obtained. This corroborates findings by Laughlin [32] who stated that to achieve a commercially viable yield of artemisinin from A. annua, the evaluation of growth and yield components is important. This explains why evaluation of leaf biomass accumulation or production by A. annua was more important, since it is a precursor for higher artemisinin yield [33] . This implies that treatments that yield high morphological traits should be considered for higher artemisinin production.
Correlation Analysis of Morphological Traits and Artemisinin Production
The coefficients of correlations between all the pairs of variables are presented in Table 6 (a) and Table 6 (b). artemisinin yield in A. annua crops was negatively correlated with crown length, Stem length, leaf length, leaf width, Plant height, number of main branches and Stem diameter. Besides, leaf traits (crown length, leaf length, and leaf width) had positive correlations with stem characteristics (Stem Length, Plant height, number of main branches and Stem diameter). This indicates that proliferated plant growth did not favor artemisinin accumulation in the leaves. The highly significant positive correlation between leaf traits on one hand and shoot or stem traits on the other hand and negative correlation of agronomical characteristics with artemisinin content of leaves indicate that high yields of artemisinin were realized when crops produced least possible leaf and stem tissue growth. The results suggested that the rate of leaf biomass yield kept pace with the rate of crop growth parameters. The major organ in artemisinin production is the foliage. An experiment has confirmed positive correlation between plant growth traits and biomass yield of Artemisia [34] . Even though low proliferation of plant stem and leaf tissue resulted in higher Artemisinin content production, this could generally reduce the eventual expected yield and thus a plant with higher leaf yield will in turn have a higher leaf biomass which will then influence the total yield of Artemisinin. The significant positive correlation of plant height, plant spread, number of branches with leaf and biomass yield indicates the expected influence of these growth parameters on the yielding ability of A. annua. It can therefore be inferred that leaf biomass yield and artemisinin yield are largely dependent on the effect of the growth traits such as plant height and plant spread. Sushil, et al., [35] indicated that there is a linear relationship between leaf biomass accumulation and artemisinin yield and therefore indirect selection via high leaf biomass production would generally be effective for high artemisinin yield.
Conclusions and Recommendations
Mutant varieties and lines showed wide variation in terms of agronomical traits (crown length, stem length, plant height and stem diameter) and yield of artemisinin content. Some lines showed superiority over other mutant lines and control (parent plants). There was a significant difference in production of artemisinin by Artemis lines at Njoro site only where Line 1 had the highest mean of 58.843 and Line 12 with the lowest mean of 25.949 while in Anamed lines, significant difference in production of artemisinin was observed at the two study sites. At UoE, Line 2 had the highest mean of 39.2 while Line 5 had the lowest mean of 9.2; while at Njoro, Line 2 had the highest mean of 56.26 while Line 6 had the lowest mean of 20.19. The effect of mutation on both agronomical traits and production of the artemisinin content occurs randomly. Environmental factors appear to December 2015 | Volume 2 | e2189
have an influence in expression of mutated genes related to agronomical characteristics and artemisinin production. Higher agronomical traits were observed in UoE while production of medicinal (artemisinin) content was enhanced in Njoro. Plants that produce artemisinin concentration ≥ 60 µg/l are economically viable. Artemisinin yield in A. annua crops was negatively correlated with leaf traits and stem characteristics. Leaf traits had positive correlations with stem characteristics. The study recommends that continual screening of Artemis lines 1, 2 and 9 and Anamed lines 2, 3, 5 and 8 be done and stabilization of these mutant lines through double haploid techniques and backcrossing to reduce the effects of mutations.
